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SPECIFICATION ^ , ^ 

Conversion of syngas Into dimethyl ether 



20 



25 



• Thereareatpresenttwomaiorroute^^^^^^^ 
liquid fuels, comprising the weli P"bl.c.zed F^cher-Trops^^^^ ^ J p.^^^^^. g 

' CX™Ssnt^^^^^^^^ 

--rrorrhofthe above pr^^^^^^^^^ 

producing synthesis gas (syngas. has identified some high 10 

10 . coal properties and product enthalpy. A recent review of f^^^^^lf^^^^ +cO) utilizing low 

efficiency gaslfiers which of n«*^"«tVProd"ce relatively low r^^^ ^^^^ 

. ratios of steam and oxygen in the gasification. Thus^^^^^ ^^^i^^ 

temperatures requiring relatively low P^"'*"" f^'^^^^^'^^*;^^^^^^^ conditions may have a 

which translate into high themrial «ff'««"^]f-7J?i.y"9as pro^^^^^^ .^^^ ,5 

1 5 hydrogen/carbon monoxide ratio *°;^^"J,r4^,^^^^^^^^ ratio syngas cannot be 

ratio is less than 1 and within the ^.^^^^^^ syntheses, both of which 

directly utilized by present date conventional f-J P^^*^^^^^ "^^ter-gas shrft operation to Increase '/ 

Lrvi^Ja^o^yrof^ 

20 achieved by the most advanced ^^^ll'i;^"''^;^^^^ directly from syngas Is that this 

comp^u«et:rcor^^^^^^^ 
°^^"A^pr;^feS?:ru:r^^^^^ 

^sy°nTets?lSrJ::e^^^^^^^^ 

factor significantly affects the economic ?«rart|veness of the ^ f^^;^^^^^^^^^ investment. 
30 requirement significantly Increases the ^""^^^^^^.^^^^^^ methanol productivity or 

Accordingly. «'^P">'«'"«"*? 'J^^^,*^^^^^^^^ by further reacting 

rh=r:e« 

tHedehydra^onofaninte^^^^^^^^^^^ 
gasto^^^e^rsSls^^^^^^^^^^^ 

dehydration catalyst to produce a first stage P^^^^i^^^P^^^ aromatic 
the intermediate product with a ZSM-5 type '"^^f.^^^^^^^ catalyst although a 

hydrocarbons. Any me*ano synthesis «ta^y^^^ 

preferred composition Is a mbrture °f Z^^Cu/^n '^-5 d^^^ 5_1 5 parts each of Cr and rare 

amounts (weights of metals): 50—70 parts Cu, 50—25 parte f-"-^^ p 
Trth. Thi Cr/(Cu.Zn) ratios of su^ -m^^^^^^^ ^^,3,,,,^ ,,,, H./CO mole 

The syngas employed in the °* "I'T.^^fr'.u; dimethyl ether displacement reaction m 

ratio. An important further improvement Jj^^* j^^^^^^^ by U.S. Patent 4.01 1 .275 

the context of syngas conversion over -"^J moleS of 0 8 to 1 .7 over the two- 
which discloses the conversion of syngas having a Ha /CO mow 

component dimethyl ether synthesis ^t^'Vf; ^oj onhr ^re s^ equilibrium conversions for 

ether/methanol synthesis than ^'-^'^f ^anol svmthes.s alo^^^^ ^ compared to 2 ftor 

the dimethyl ether/methanol «y"*esl8 are obteined at^^^^^ ^^^.^.^^ ^.^^ 

, the methanol synthesis. Figures 6 and ^ °* ^^e 'atter pa^^^^^ ^^^^^^^ 

syngas feed shifts the H, /CO ratio required ^"^ "^»^^"X^®;"l'3'^aJ^ 

hVdrogen deficient syngas obtained 
. xliaiethyl ethsr/xnBjJ)9nplsmths§!§..Enhanced between the added H^O and 

" wS^^water were attributed to the '"te-T.al w^^^^^^ S^verfed to organic product. Methanol 

55 some of the excess CO P"**"^,'|;°;^XerCoc^^^^^^^ 
^ synthesis catalyst said to be useful In the latter process inciu^^^ produced from a hydrogen- 

U.S. Patent 3.098.809 farther teaches that J'^^^^^/j^^^^^^^^^^ conditions over CjV2n/Cr 

deficient feed mixture containing CO, CO, and H, by co""|^ ^ , relative to the CO 

methanol synthesis catalysts and alumina prov'dmg *f the OT, ~nw^ undesired 

60 content of the feed gas. The patent teaches that the presence °t watering dimethyl ether. 

^° because It inhibits methanol dehydration, thereby l.m.tmg the per^^^^^^^^ ^^^.^^ 

Nevertheless, steam addition Is saW to h« "f ^^'/f^,^^^^ are said to include 
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component having an atomic ratio of 82/1 6/4 was employed in the examples. The Cr/(Cu+Zn) ratio of 
this catalyst is 0.04. No methods of catalyst preparation are disclosed. 

U.S. Patent 4,096,1 63 suggests the conversion of syngas to hydrocarbon products over a 
catalyst comprising a methanol synthesis component and a ZSM — 5 type zeolite component. No 
5 particular methanol synthesis catalyst is described as being especially desirable. ^ . . , ^ 

In addition, ShenAnn and Blum have reported in an Interim Report for May 1 978 under the title 
"Liquid Phase Methanol" prepared for Electric Power Research Institute, Palo Alto, California, the 
attempt to produce DME by adding gamma-alumina and 1 3X molecular sieve to a slurry reactor system 
containing a commercial methanol synthesis catalyst At 230— SOO'^C, 35—69 atm. abs. 201 5— 
10 69 1 5 GHSV (gas houriy space velocity), only traces of DME were observed. A catalyst compnsmg 1 0 

Cu/in/Cr in an atomic ratio of 6/3/1 impregnated on Davidson 980 SiOj /Al^Oa P^duced trace 
amounts of DME at 230**C, 69 atm. a. and 2000 GHSV from a feed containing 50% H^, 25% CO, 1 0,o 
CO2 and 1 5% CH4- 

U.S. Patent 4,1 77,1 67 teaches that dimethyl ether synthesis catalyst which have been stabilized 

1 5 with silicon compounds exhibit high activity and have longer catalyst service lives relative ^ ^ 

unstabllized catalysts. The catalysts are composed of mixtures of oxides or salts of Cr, La, Mn, Cu, Zn 
and combinations of the oxides or salts with Al. Atomic contents of Al in the range of 10% to 70^ are 
required to maintain the activity of the stabilized catalyst. The catalyst may be prepared by any 
conventional procedure. Coprecipitation of Cu/2n/Cr components is exemplified in the specification. 

20 The composition of the catalyst (other than the Al content) Is not disclosed to have any particular ZO 
effect. The Cr/(Cu+Zn) ratios of the exemplified catalysts range from about 0.2— O.6. Suitable Hj/CO 
molar ratios in the feed gas are disclosed to be within the range of about 0.3 to 10. Syngas employed 
in the examples had a Hi/CO ratio of 3. ^ . . ^ 

The feasibility of the direct synthesis of DME was initially demonstrated by a physical mixture ot 

25 Cu/^n/Cr containing a rare earth promoter and gamma-alumina. Synthesis gas with an H^/CO ratio of 25 
4 contacted the catalyst at 31 5°C, 50 atm. a. 1 440 GHSV and the conversion obtained was 31.5/6 
(86% of equilibrium). The product contained 22.4% DME, 0.93% CH3OH, 29.0% COj, 2,0% H^O, 3.2% 
light hydrocarbons and a balance of and CO. The above catalyst was also tested with Hj /C0=1 at 
31 5**C, 1 03 atm. a. and 4400 GHSV. The conversion dropped from 60% (75% of equilibrium) to 40% 

30 in 30 days. Indicating rapid aging of the catalyst. Attempted reactivation with Hj at 3 1 5 — 400**C 30 

failed. ... 1 

Catalyst aging Is a significant problem in known dimethyl ether syntheses, since aging severely 
limits the commercial practicability of what is otherwise a highly valuable process. The present 
Invention seeks to provide a reliable and commercially viablejprocessjqr th^ mgeneratloo^^ 

35 catalysts which have become deactivated by use in dimethyfetfier synthesis, thereby rendenng the 35 
whole process more economically attractive. , . 

The present invention is based on the obsen/ations that catalyst aging Is minimized by employing 
a particular Zn/Cu/Cr catalyst as the methanol synthesis component of the dimethyl ether synthesis 
catalyst, and that catalyst activity can be maintained at a high level sufficient to sustain near 

40 equilibrium conversion of synthesis gas feed by employing particular oxidative regeneration 40 

techniquesr t. . u 

Although the art has recognized the use of such catalysts in dimethyl ether synthesis, the 
relationship between catalyst composition, especially Its Cr content, and catalyst aging has not 
apparently previously been appreciated. - • 

Accordingly, the present invention provides a process for converting synthesis gas Into dimethyl 45 
ether which comprises contacting synthesis gas at a temperature of from 232 to 399*»C with a catalyst 
composition of coprecipitated Cr, Cu and Zn components and of an acidic dehydrating component. In 
which the atomic ratio Cr/(Cu+Zn) is from 0.1 to 1 , and subsequently regenerating the catalyst 
composition by contacting it with an oxygen-containing gas at from 38 to 538°C. 

The syngas conversion of the present Invention uses the metal components of a methanol 50 
synthesis catalyst In combination with an acidic dehydrating component. The catalyst compositions 
used in the process of the present Invention rely particulariy upon the technique of coprecipitation of 
the hydrogenating components either alone or mixed with the dehydrating component the atomic 
ratios of Cu, Zn and Cr being variable within the relatively narrow limits specified above. More 
55 particulariy, coprecipitated components of Cu, Zn and Cr are used in such relative amounts that the 55 
ratio Cr/(Cu+Zn) is from 0,1 to 1 .0 and more preferably from 0.25 to 0.75. A ratio of 0.5 is particularly 
preferred. On the other hand, the ratio of Cv/Zn Is preferably from 0.5 to 3.0. 

The addle dehydrating component or matrix supporting material of the catalyst compositions 
may be gamma-alumina, silica-alumina, a ZSM— 5 crystalline zeolite of high S1O2 content, a 
60 phosphate, titanium oxide in combination with silicon oxide, a rare earth or a clay. Of these matenals, 60 
gamma-alumina is particulariy preferred, especially in an amount comprising about 50% of the catalyst 
composition. . . 

The dimethyl ether synthesis techniques of this invention are of special interest since the ratio 
H2/CO may be less than 1 or greater than 1. Thus the ratio H^/COjnay.be^fT^^^ 
65 preferably from 0.5 to 2. However, it is particularly preferreHto employ gas ratios equal to or less than 65 
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I.slnce such gas ratios aramuch more econ^^^^^^^^^ 

discussed above; and such a source o syngas ^^^u^^^^^^ that the hydrogen 

processing costs. In this low ratio < J ) ^"Sas {^^^J^ remedied or compensated by 

deficiency of low ratio syngas haying i^Tth the low ratio syngas charged. 5 

injecting steam (H,0) into the catalyst «P"«^!^Y °nn adn^^ composition 

This added steam Is subject to a ^^^---a^/.^^^ "5*^°"^^^ catalyst reaction zone. This 

employed, i-esulting n a >'«;v^effe«.ve and .^^^^^^ requirements to modify the 

composHioos conslstins of '^•^'^^^S^^ll^'^^^^Z^Zta^, diethyl 
matrix such as gamma-alumina, ppovlds oatalvst compositions could ba 

,th« synthesis. More Impottantlv. .S^iSSJ^Phih iSKTSltv that is. the particular 

periodlcallv oxldatively regenerated to "'^'^^I^J^'J^.^^S^ arSrity (or 

""T nS^*,TeHi.t = u~,c™d:r Tege'nLSSSn'^^ ^ 

=rr;:^^"o^^^s^^f™'£^^ 

breakthrough of the charged oxygen rich sas. mere is no ^ ^ ^ ^ catalyst 

achieved. When using a coprecipltated «»t«'V«* ^^Ij^™'" ^ijgt?: u belns preSred to employ 

can be ^-l^-"^^^^^^^^^ FolSS-SSion or rege'neLon of 

temperatures below 538°C for any »he freshlv oxidized catalyst with a 
the catalyst. It is Important, if "^l^f^^^f^'L^ZZ ^^^ with hyd^gen. a 

high-temperature reducing gas. That is, educing l^^^'Jna aas shou\d be avoided, particularly where 
h^iogen-carbon nnonoxide mixture o^^^^^^^^^^ ^„ '^^^^ ,he oxygen- 

the contact temperature is equal to or ^''o^^;: °" " ^ diluted syngas initially at a 
regenerated catalyst wlth a re^^^^^^^ 

s^-=rft;v;y^nras^^^^^^^^^^ 

Regeneration of the catalyst maybe affJ^Pjjjf pu^^^^^^ of the low ratio 

whether a fixed or moving catalyst '^^^^^^ '^^"^.JXreSSg^^^^ below equilibrium 

syngas Into DIVIE may be ^J^^t^^ .""J^^^J^l^^^^^^ for a greater length of time 

conditions. In which case the «^t/>y?* "'fiJ.^'hTc^^fda iv^reg^ of the catalyst is critical to the 

before requiring oxidative regeneration. TTws f '''^^"^^.^^j about catalyst particles being 
extent that very high temperature exotherms ^^^^a^vsJ^S In a swing reactor system permitting 
oxldatively contacted. Frequent °[ '^^^^ JJ* ^^^^^^ may be used to 

weekly or even daily regeneration or "QfP^f JoSverting the syngas to achieve 

L«.y"eS=Sd7^^^^^^^^^^^ 

•'^'"-TS^pllfe^nS^ 

-'^rrntionedabov.dlmethy..^^^^^^^^^ 

methanol synthesis operations since P^^^^^^^ with any high efficiency 60 

60 syngas, and this particular feature ^" ^e u^d to advantag^^^^^ ^^^^.^^ 

S'al?e^qlTrwtteToS 

capability Is utilized to advantage. . • ^ r,ranhiral renresentatlon of total H, and CO 

conve^^nCtrtSSTS'^S^^^ 



to 



15 



20 



25 



30 



35 



40 



45 



20 



25 



30 



35 



40 



45 



50 



BNSDOCID: <GB. 



.2097382A_I_> 



GB 2 097 382 A 



support material. ^. . * . » 

The synthesis of olefins from the DME product Is an intermediate step in ^ ^IP^'J'^^^ blmna 
leading to the production of chemical constituents, branched olefms. aromat.cs and gasohne b^^^^^ 
range materials depending on reaction conditions and catalyst employed. In addition to the above- 



one effect of co-fed steam. The /CO ratio was 0.67. the temperature was 3 1 e'C and the pressures 
were 50 75 and 1 00 atmospheres. As can be seen from Figure 1 . the conversion goes through a 
maximum which shifts to higher relath/e amounts of co-fed steam with increased Pressure, t is 
apparent therefore that maximum conversions are somewhat lower than those for H,/CO-l at 

5 comparable total pressures. , !j„,»ki= 

The direct synthesis of dimethyl ether from synthesis gas can be utilized with considerable 
advantage In many different combination operations, that is to say the economic formation of dimethyl 
ether from low ratio syngas obtained from an efficient syngas generation or obtained by /n 
gasncation of coal. Is particularly Instrumental in competitive routes for producing specific chemicals 
io and/or hydrocarbons varying considerably in composition. . . . « • ..t... 

1 0 , J.f^eding of water with low ratio syngas has a principal effect ofmcr^mgti.e 

. syngas utiliration via the shift reaction with excess CO to form additional hydrogen An additional but 
<y ,J^SunSortanf>ffectof /CO 
7 " fluent of thisyn-g-as conversion up to at least a H, /CO ratio of 1 . This effect of VPa^'*''"^ , ^ 

1 & ratio In the recovered effluent Is illustrated in Figure 2 of the accompanying drawings, which is a 15 

• graphical representation of the H,/CO ratio of the exit gas from a syngas conversion "talystzone^ 
Snst moles of water (steam) fed to the catalyst per 1 00 moles of syngas. The inttlai H, /CO ratra was 
o:67, the temperature was 31 e-C and the pressures were 50. 75'and 1 00 atmospheres. 

The DME product of the synthesis of the present invention may be upgraded to methyl t-buWl 

20 ether by reaction with a suitable alcohol, for example, t-butanol or by reaction with ^branched olefin, 20 
for example. 2-methYlpropene utilizing an acid catalyst. The acid catalyst may be sulfunc acd or a 
rS nerallcid wlS or without a supporf material. Alternatively, the acid catalyst may be an acidic ion 
Sange iTn or phosphoric acid on a support material. The operating temperatgre may be from 
lo-C tfaOO^C. w^^^^ a temperature of from 60»C to 1 50«C being partlculariy preferred. A pressure of 

25 from 3 to 50 atmospheres Is suitable for this operation. 25 
In another process, the syngas initially obtained from a gasification operation can be converted 
into a product rich in dimethyl ether In a catalyst slurry reaction system. In f^^.^^T^*®^']^^^^ 
and acid components of the catalyst are surrounded by or suspended In a suitable high boiling liquid 
phase, for example a mineral oil. an oil product of a Fischer-Tropsch synthesis such as a portion of the 

30 decant oil product, and a lubricating oil base stock. The solid catalyst componentsmay be used as 30 
combined particles or as separate particles of the metal and "'^ic componente^^^^ phase 
operation will generally be carried out a temperature of from about 260°C to about 343»C at a 

pressure of from about 68 to 1 36 atmospheres. ,. , u ...sth ...ator 

^ In yet another process, the DME product may be converted Into methanol by 

35 In the presence of an acid catalyst The catalyst may be phosphorus pentoxie P^^^^^ 35 

kleselguhr. sllica-alumlna. alumina, reduced tungsten oxide or an aad crystalline 2eollte. The 

temperature will generally befrom about 204-C to about 371 -C and the pressure v«ll generally be 

from 10 to 100 atmospheres.- , 

Alternatively, the DME product may be reacted with oxygen in the presence of a c^^^^ 

40 to form formaldehyde. In such an operation, the temperature may be from about 600 C to 720 C and 40 
the pressure from 1 to 5 atmospheres. Instead of the copper catalyst, there may be used tungsten 

• oxide in combination with phosphoric acid distributed In a carrier material such as a'u'j'oa' . 
■ alumina or kleselguhr. or silver alone or promoted with s^^" T°"S^r>° r°°Th" rf^^^^^ 

a silver catalyst, the temperatures will generally be from 600»C to 800»C and the pressure from 3 to 8 
45 atmospheres. Still further, there may be used a catalyst mixture compnsmg iron P™'"°*«°;ij;lth 45 
molybdenum (for example 1 8% FBa0,+82% MoO, by weight) at a temperature of from 350 C to 

Still further, liquid fuels may be prepared, relying upon an olefin intermediate product of DI\flE 
conversion as feed to a liquid fuels converelon operation. That Is. the DME product is converted at a 

50 teTpeTrre of f^m 343 to 427-C and preferably 371 -C Into an ^f-J^^^^';^^^^'''^ ^ 

by contact with a crystalline zeolite represented by HZSM-5 crystallme IJj 
may be branched or straight chained olefins, depending upon the conditions employed a"** ^atalT^t 
^cJiX. and suitably boil within the gasoline boiling range. Alternatively. °P«7«"9 
catalyst may be selected to produce an aromatic-rich gasoline product from 

55 further, the olefin Intermediates may be upgraded to a jet fuel product by the combmation of olefin 55 
oligomerization or oleflnatlon and hydrogenatlon. Oligomerization of the olefin intennediate may be 
accomplished at a temperature of frem 175«C to about250«C. it being Particularly preferred to 
employ^ temperature of from 200 to 220OC and a pressure of from 10 to 100 «*";°«Pheres. When 
effecting the oligomerization of olefins to form jet fuel, it fe desirable to «^ 

60 about 15 to 1 8% free P,Os In the catalyst composition. Kleselguhr may be used as the acid catalyst 60 



BNSCXXID: <GB 2097382A„f_> 



GB 2 097 382 A 



10 



15 



20 



defined combinations, it is also recognized that a mixture of olefms from any source in addition to those 

25 catalyst represented by ZSM-5. Methanol in tlie 

boiling range materials by -"!\^^^^^^ selective 

those of olefination. polymerization and provided with 

for the purpose with the catalyst employed. The ^^^JL^^^ 
some hydrogenatlon activity by the addition of one or more °^ ^fi^j^^^^ 

30 ruthenium, rhodium, osmium, copper, zinc "Irt^ifooera^ 

gasoline boiling range product is recovered as the product °*;^'^'^°Pjf 1°^^^^^^ is passed to 

IJeenHchedH^gOsyngas^^^^^^^^ 

S^pMa^t^^^^^^^ 

with varying success. On the other hand. *^f_^'«^jY^uTtiie aSty K hd^^^ components 
with a zeolite or acidic carrier matenal modified to adjust the activity c^stalline 
within a desired range. The FisCher-Tropsch ^^.r^P^^XS conversioi^^f S s^^^^^ into particularly 
zeolite represented by 2SM-5 crysta^l.ne be^n a fluid grid or fixed 

gasoline boiling range components. The catah^s^ ^^^^^ 
catalyst bed reactor system or suspended in a P"^® ^uu ootassium to produce a 

may be converted over a Fischer-Tropsch ««*«'Y^„«"«'V«; ^^^^ The \ 

mixture of C, to C^o carbon components cornpr s.ng ^'"''^^'f ' 42^^^^ and at a pressure 

45 Fischer-Tropsch synthesis Is normally carried out at a ^«XiS"o%?h ^ n^^^^^ are normally separated 

™ P,«nts 4.044.064: 4.046.829; ■'■0^^'%^^*fl^^,^^^a*:Z\^^i spedflc m.«.od of op.»t«.n. 
In the processus arrangement of Figure 5 and in Vh',, j;„|„s, ,„ zone 1 8 to 

the syngas comprtsing CO. Is l>^?^^'''^::ZZl^^ZS^^^-n'e product efBuent Is 

rnr„?,°8n'i';;'crr^r.r.2Ui:ra"^^^^^^^^^ 
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the hydrocarbons are converted over one or more catalyst masses comprising a crystalline zeolite 
represented by ZSM— 5 crystalline zeolite providing a pore opening of at least 5 Angstroms, a silica to 
alumina ratio greater than 1 2 and a constraint index within the range of 1 to 12. In this catalyst 
operation, temperature and pressure conditions are selected to achieve upgrading of the charged 
5 hydrocarbons to form LPG. a relatively high octane gasoline, diesel and/or jet fuel of desired freeze and 
pour point characteristics. The conditions of operation may be varied considerably, depending on the 
particular hydrocarbon fraction treated and the desire to produce one or more fractions of LPG. 
gasoline of higher octane rating, diesel and jet fuel products. 

The tests described below were carried out in a mlcroreactor with related system components 

1 0 which permitted rapid catalyst loading and pretraatment and ready adjustment of reaction conditions. 1 0 
feed gas mixtures and regeneration conditions without disturbing the catalyst. The reactor was 400 
mm in length and made from a 9.525 mm external diameter 304 stainless steel (SS) tube with an 
annular 3.1 75 mm external diameter 304 SS thermowell running the entire length of the bed of 
catalyst therein. A 3.0 cc catalyst bed (90 mm long) was centrally positioned in a 300 mm vertical tube 

1 5 furnace. The catalyst bad was held In place by vycor glass wool supported by pyrex tubes filling the 1 5 

reactor voids. Temperature was maintained by a proportional band controller with a thermocouple 
located in the furnace wall near the reactor. During use, premlxed and CO was compressed and fed 
through activated charcoal traps (the charcoal was necessary to remove traces of iron carbonyl present 
In the feed gas cylinders). Constant gas flow was maintained by a thermal mass flow controller and 

20 reactor pressure was maintained by a baclt-preasure regulator downstream of the reactor and liquid 20 
traps. 

I catalyst preparation and pratreatment . , ..x- •.♦loc onor^t 

Catalysts I to VI were prepared by coprecipitatlon of the desired metals from hot (85—30 C| 
aqueous solutions of the nitrates by the slow addition of hot aqueous sodium carbonate (> 1 00% 
25 excess carbonate). 

The'precipltate was filtered and washed until free of carbonate in the wash. The washefl 
precipitate was dried In a vacuum oven (70»C) and calcined In air for at least 6 hours. Spot analyses of 
the calcined powders for copper, zinc, chrome and sodium Indicated that the metals were present In 
the final material in the same ratios as in the initial nitrate solutions and that sodium had been 
30 essentially removed. Details of these preparations anB set out In Table 1 below. , , . ^° 

The calcined powders (-80 mesh) were then each physically mixed with an equal wwBht of 
powdered gamma-alumina as acidic dehydration component (which had bean calcined at 538 C for at 
least 6 hours) and the mixture was machine pelleted and cmshed to 1 0/30 mesh. ^ _ . . 

Each of the resulting catalyst compositions was then pretreatod In the reactor at 204 C in a 
35 reducing H, /N, stream ( 1 atmosphere, GHSV 1 500) whose hydrogen partial pressure was slowly 35 
increased by raising the hydrogen content from O to 2 volume % and then to 8.5 volume >"f ^ . ^ 
pretreated catalyst was then cooiad to below 49°C in an Inert gas stream, the reactor feed switched to 
syngas at the pressure and space velocity desired and the temperature increased. 

A furtfier catalyst (Catalyst Vll) was prepared as follows: a portion of the carbonate-prapreafWatea 
40 methanol component used for the Example II catalyst was calcined at 260«C; a portion of the remitting 40 
powder was combined with an equal weight of gamma-alumina, pelleted and cmshed. and a 10/30 
mesh portion selected with an apparent density of 1 .05 gm/ml. The Cr/(Cu+Zn) ratio for this catalyst 

was 0.5. • J J ♦ 

A 3 ml portion of Catalyst Vll was loaded into the tubular reactor and was pretreated and put on 

45 stream in the manner described above. *5 
An additional catalyst (Catalyst VI II) was also prepared, as fbllows: a solution vvas prepared by 
dissolving the amounts of Cu-. Zn- and Cr-nitrates Indicated for Catalyst VI In Table 1 In 1 70 ml of 
water; a precipitate was obtained when 41 .5 ml of NH4OH (29%) solution was slowly added, the pH 
reaching 7.5; this precipitate was washed three times with 1 to 1 .5 liters of water, dried in a vacuum 

BO oven (140»C) and calcined at 357»C; a portion of the resulting powder was combined with an equal 50 
weight of gamma-alumina, pelleted and crushed, and a 1 0/30 mesh portion selected. The resulting 
DME catalyst differed principally from that of Catalyst VI In that the metals m the methanol catalyst 
component were precipitated by ammonia rather than caihonate. 
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Table 1 

Metal components of dimethyl ether synthesis 
Catalyst preparation details 



// 
200 
48.03 
29. 
35.71 



550 

no 

85—90 
9.8 
338 

0.50 
1.0 



/// 
200 
74.1 
22.4 
27.5 



/V 
300 
136.3 
22.4 
27.5 



V 
200 
74.1 
34.4 
13.9 



VI 
200 
92.6 
22.9 
9.2 



Example catalyst I 

5 Solution A water (ml) 500 

Cr(N03)3-9HaO(gm) 52.7 

Cu(N03)a.3HiO(gm) . 220.1 

Zn {N03)j • 6HjO (gm) 130.5 

U(N03)j-6HjO(gm) 71.6* 

10 Solution B water (ml) 2500 
NajCO, (gm) 400 

Temp, of Precipitation ("O 90 
pH of Filtrate — 
•Temp of Calcination ("O 265 

15 Cr/(Cu+Zn) OA A 

Cu/2n 2.06 

OME synthesis catalyst prepared by combining the above powders with an equal weight of 

*^''^AnXS"oftnTl m;tal composition indicated 3 atom percent lanthanum based on the methanol 

20 «»*«'V|^~'JP°"/3"^^>^„ Table 1 . the compositions of the catalyst varied. This enf «d «;o".panso^ 
to be made oHhe eSeTol Chrome compoStlon at three similar Cu/2n ratios and the effect of Cu/in 
composition at similar chrome levels. 













300 


300 


550 


550 


10 


54 


81.2 


100.0 


100 




90 


85 — ^90 


90 


95 




8.0 


8.16 


9.95 


9.4 




274 


267 


338 


260 




1.0 


1.8 


1.0 


1.8 


15 


1.0 


1.0 


3.0 


3.1 





20 



25 



K=K.e- 



(1) 



25 



30 where K is an empirical reaction rate term: K, is the value of this ^^r^,^^^'"'^'^;^^^- " 
SarSmeter and t te the time on stream. Is substituted into an empirical reactor model 

1n(1— X/Xeq)=-K/GHSV (2) 

35 gives the expression 

1n(-1n{1— X/Xeq))=1n(K„/GHSV)— bt <3J 

,nTab.e2be.ow.detailsoftheexperimenta,cond^^^^^^^^^^ 
Table 1 are presented alonfl witli ^e values oj *^^ ""^^SmoznlxZ^^^^ value of the 

40 rcr;ci°t;n«^^^^^ 

the ratio Cr/(Cu+Zn). 



30 



35 



40 
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Table 2 
Effect of catalyst coi 

Example catalyst i 
Reaction Conditions' with a Feed 
5 Hj/CO Ratio of 1/1: 
Pressure Atm. 

Temperature («C) * 316 

GHSV 3800 
Days of Aging 4-0 

10 Catalyst Composition: ia 
Cr/(Cu+Zn) . OA^ 
Cv/Zn 



Decay Parameter Value 
(least-squares correlation) 
15 b,days-^ 



II 


III 


IV 


V 


VI 


100 
317 
4000 
48 


100 
315 
4000 
38 


100 
314 
4000 
20 


100 
316 
4000 
24 


100 
316 
4000 
42 


0.50 
1.0 


1.0 
1.0 


1.0 
3.0 


1.8 
1.0 


1.8 
3.1 


.013 


.030 


.029 


.032 


.027 



.040 .013 .030 .029 .032 .027 15 



20 



25 



From these tests, it is apparent that catalyst performance Is best for compositions of Cr/(Cu+Zn) 
ratio from about 0.1 to about 1 .0. with a preferred Cr/(Cu+Zn) rat o of about P'^' D^^'^*"'"^;™'"!^'^ 
behavior occur for low Cu/2n (0.5) and for a commerically available methanol catalyst prepared other 
than by coprecipltatlon. It was also detennined from a study of catalyst aging data of ^^ta vs* 
20" comprising 25. 50 and 83% AI^O,. that the aging behavior of catalysts with 50% alumina is preferable. 
FraWghShrome-containin0caUst.theefF^ „ 
contrasted. A lower conversion activity was found for the catalyst prepared by ammonia PJ^ai^Jation 
(see below and Figure 7 of the accompanying drawings). Carbonate prec.pitat.on was thereafter 
adopted for catalyst preparation. 

25 III 3„ 33„y ^3ge In the development of the invention that above about 288oC. 

' the aging of a DME synthesis catalyst is associated mainly with aging of the methanol catalyst 

compZnts. The deTailed aging mechanism of methanol synthesis catalysts is n°tknov>m but causes 
for aging can be assumed to be (1 ) coke deposition. (2) catalyst phase changes, and 3) changes in ^ 

30 oxidation state. A fourth possibility Is the strong competitive sorption of CO. especially when H,-lean 30 

^^^^Some^Sploratory studies on copper-based DME synthesis catalysts provided the following 
observations: (1 ) a spent catalyst, aged for 20 days, which had lost 30% of its activity, anahjed 1 .3% 
coke (O 001 % Of feed): (2) calcination of this catalyst in air at 538«»C for 1 6 hours led to further 

35 Sa^?;rnr(l) sfmplSo^spLnt catalyst showed no CO chemisorption opacity; and W Jeatment of 35 
tine spent or aged catalyst with was not effective In restoring activity. The state in which the 
romponents o^f the active catalyst exist is not known, but there is evidence to suggest that when 
copper Is reduced to its metallic state, the catalyst is no longer active and a catalyst which has been 
sub^ cted to too severe oxidation treatment is also not active. Also. It has been suggested that IJe 

40 active catalyst is one in which copper exists in the Cu' state (see for e'^^mple. Journal of Cat^^ 56, 
407— ♦29 (1 979) in which a solution of Cu' in ZnO was reported to be the active component in 
Cu/2n0. Cu/ZnO/AI,0, and CuAilnO/CraO, low-pressure "methanol synthesis catalysts). F^-Jhe^- J^e 
quantitative absorption of CO by Cu' solutions is known as taught by F J- ^l^^^ ^"^ 
"Advanced Inorganic Chemistry". 2nd Ed.. Interscience Publ., London, 1 968. page 898. JJusit ^n be 

45 speculated that the loss of CO chemisorption capacity of the catalyst and thus catalyst activity can be 
associated with reduction of the Cu' state. s„.„.rtt«n «,«p an 

In an effort to maintain the activity of the DME-producIng catalysts used In this invention over an 
extended period of operation, the following tests were carried out. • ^ „. h» 

Oxidation treatments of the Cr/Cu/^n/y-Ai^Oa catalyst compositions ^^l^ . _ 

50 connecting a vessel containing pure or dilute oxygen in an inert gas (helium) to the reactor 'nert 
pu^e gas was then charged to the vessel, diffusively mixing with and canylng Its f "t^"?* *° f S^'^ 
catilyst After oxygen treatment, the vessel and the reactor containing the catalyst were brought to 
plSssurT^nd temperature with helium. The feed stream inlet was *«"rri**?l'Sl?SiS 
Diffusional mixinq In the vessel upstream of the reactor resulted in a gradual shift to pnman y syngas 

BB aw^^SnXS aVen^perature adjusted reaction. With this system, the frequency, duration, partial 
SSTu™ aS amounV^^^^ used during regeneration were varied. J«^«°"SJiVwnztSSe 
fhTmannar established a regeneration operation which reactivated and substantially stabilized the 
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10 



15 



GHSV 4000) with a 100 liter/liter-catalyst pulse was determined. Treatments at four oxygen partial 

(0^ 1 4 and 2 atm.) were performed at high (1 00 atm.) total pressures and a temperature 
fn tS range of 307 to 338°C. The results obtained are summarized in the first four examples of Table 3 
be ow After regeneration, initial conversions were enhanced by as much as 1 40%. However he 
regenerated ca?alysts subsequently aged, with projected conversions relaxing to P;f^«9«nerat^on levels 
Ster about 1 0 days. It is therefore apparent that oxygen partial pressures 9'-«*«;X",S;UwHter 
about 1 to 4 atm. or higher are preferred for treatment at high total pressure and 100 Irter-gas/hter- 

''''■'■Se^IJau'iCs of oxygen contacting the catalyst during regeneration were then increased as 

orovidVd in^he^a^rrL examples of Table 3. In these regenerations, the oxygen partial Pressure was 

fetaTned aJabj;;? atmosphere^; however, the temperature of the ^''ff^^Jf^'^^'^^^^^ 

will be observed from Table 3 that the catalyst activity dropped as evidenced by <^Ja"9«« 

following oxygen treatment of the catalyst For example, after 108.8 days of opera^^^^ 

nxvaen reaenerated and its activity restored to a conversion level of 47.6. The activity then decllnea to 

Svereirievero^^^^^^^^^ 1 1 4.0 days of operations Its activity was restored by oxWation to a 

inversion level of 47.1 . After being treated with large volumes °f ^'^f P^^'^^^ 

examples, the catalyst activity was restored to converaion levels of 55.8, 58.6 and 44.8. 
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^^^^^^^^^^^ 

Znt indicated little, if any, regeneration Improvement, "me hydrogen treatment used was apparently i q 
sufficient to deactivate those sites regenerated by the oxidative step. 
During the last two cycles (1 07 and 1 ^S^^^Vf^Vot^^^^^^^^ 

rww in J-70— 6O0) for reaction conditions at high space velocity (GHSV=40OO, 31 o ^^"^^t^'' 
reaction conditions at lov. .pace ^'^}°"^\-^^J' o • V<m llUS-0,7llter-eatalyst; 293— 
L^bf JSlS^li^ b^S^^Jeneniaon. The resuKs of this .«« .™ »t out ,n F,gare 8 of the ^ 
26 ■°=»7„P',tSS^rT»!"S«^« V« was operated for 50 da^ on «^,^;>',P^'^^^l°;^^e.C. a 

30 ^eirer!Sono?!ir^talyst wks accomplished In the following two operating modes. 30 

A. For the first 28 days on stream, the oxidative regeneration procedure was: 
1 . Flush the reactor with-holium at 1 00 atm. P™^""^- . container of volume 1 00 

35 iSlJ?,!^ JSIrSiiniZd between 27 1 -C and about 31 6-C dunng «„s step). 

3. Flush with helium at 1*00 atm. q i Rop and 1 0O atm. bv oassing a 

ataGHSV4300. 

40 B. During oxidative regeneration after 28 days: 

1. Depressurize the reactor to atmosphenc P^^SJSfume Uo^Ster catalyst (i.e. 1 00 liters 

temperatures ofbetween about 260°C and 31 6 C. 

drop the GHSV to the desired value of 2000 (or 3000). 
H was found that wf-.e 3:da, .-f^!? -:^~if^J".,"'^Krr!,7^^^^ 

•°*^!i:Ue,owe,f.edra.a,GHSV.2000,.ca.a^«.,.n^ 

""'"rS'^^Sn^thte catalyst study 10*..*^^^^ 

lrr^Xsr£erp1?rofa?ararveT^^^^^^^ 
catalyst is desirable to maintain this conversion level. general days at the nominal 60 
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Hj /CO of I/l (molar) and a QHSV of 4000. The performance of Catalyst VIII is compared with that of 
Catalyst VI in Figure 7 of the accompanying drawings. 

IV Effect of catalyst preparation on regeneration 

To further establish the critlcaJity of the presence of Or In the methanol synthesis component of 
5 the dimethyl ether catalyst of this invention and of the effect of the coprecipitation preparation o 
technique, the responses of various catalyst preparations to mild oxidative regeneration were studied. 
Details of the catalyst modifications investigated are set out In Table 4. The dimethyl ether synthesis 
catalysts were pelleted from physical mixtures of equal parts by weight of v-alumlna and a metiianoi 
component. Catalysts IX and X were prepared by the coprecipitatlons of the Cr/Zn/Cr or Cu/Zn/AI 

1 0 combinations with excess HaJOO^ solution (final pH 9) from solutions of the nitrate salts, followed by l O 
calcination at 2.60^C. Catalyst XI was prepared by carbonate coprecipitation of the Cu/Zn pair followed 
by calcination at 343*>C. Catalyst XII was prepared by carbonate precipitation of the Cu/Zn pair, 
calcination at 343 °C, and high-shear sluny mixing with Al in a water suspension in a Wang blender 
according to the procedure described in U.S. Patent 3,790,505. Catalyst XIII was prepared by 

1 5 carbonate precipitation of the Cu/Cr and Zn/Cr pairs and subsequent mixture of their calcined (260 C) 1 b 
powders. Further details of these catalyst preparations are similar to those descnbed above, for 
example all catalysts were activated with dilute, low temperature hydrogen in a manner designed to 
avoid undesired exotherms. ^ ^ u ^ ^k«wo 

Syngas conversion studies were conducted on these catalysts In the apparatus descnbed atove 

20 (3 1 6«>C, 1 00 atmospheres. /CO=1 and GHSV=4000, except for Catalyst IX where GHSV=4000 to 20 
day 28 and then GHSV=2000). Periodic oxidative regeneration were performed according to the 
operation mode "B", described above, except that the temperatures were from 288 to 343 ^C. 

The regeneration behavior of the Cu/Zn/Cr base case Is illustrated in Figure 1 0. As with the data 
Illustrated in Figure 8. this data shows the renewed activity resulting from oxidative regeneration of 

25 Catalyst IX. Constant conversion can be maintained with sufficiently frequent periodic regeneration. ^ 25 
The effects of coprecipitating the modifiers Cr and Al can be com pared in Figures 1 0 and 11 with 
the situation where the modifier is absent in Figure 1 2. Initial convers: n activities are quite similar. 
However, when modifiers are absent even initial regeneration of Catah st XI was fruitless. Thus, it is 
essential that the Cu/Zn components be stabilized with structural promoters. 

30 Table 4 30 

Dimethyi^ether synthesis catalysts-methanol components 
Catalyst Methanoi component composition and preparation Note 



35 



IX 
XI 

XII 



Cu/Zn/Ci^1/1/1 , carbonate-precipitated Base Case 

Cu/Ztt/AI=»i/i/1 , cartDonate-precipitated Substitute Al for Cr 



"Stabilizer" 35 



40 



Cii/Zn=*1/1 . carbonate-precipitated Eliminate Al or Cr 

"Stabilizer" 

X Cu/Zn/AI^1/1/1 .5 High-shear mixed 

Cu&Zn carbonate-precipitated. AljO, z\xxm\x\a addluon 

40 high-shear mixed 

XIII ' CM/Cr+Zn/Crt=1/0.5+1/0.5 Effect of separate 

coprecipitation of 
active metals with Cr 

Incorporation of an Al modifier by physical mixing Is Illustrated In Figure 1 3. Activity and aging of 
45 this catalyst (Catalyst XII) closely parallel those of the unmodified Catalyst XI (Rgure 1 2). The aged 45 
catalyst could not be regenerated. Clearly, the modifier must be coprecipitated with the active metals. 

The case for which half of the modifying chromium was coprecipitated with copper and the other 
half coprecipitated with zinc and the resultant calcined powders combined with the dehydration 
component to form a DME catalyst (Catalyst XIII) supports this conclusion. While less active, this 
50 catalyst was regenerable as illustrated in Figure 1 4. The greatly reduced activity of this comblnat on Is 50 
consistent with the hypothesis that the active methanol synthesis site Involves copper in solid solution 
with the zinc oxide phase of the methanol component ... ... 

Coprecipitated Cu/Zn/AI -based DME catalysts appear to be initially charactenzed by a higher 
recovery activity (activity after regeneration) than the Cr modified counterpart (Rgure 1 1 vs. Figure 10). 
55 However, after a 40 day period and 4 oxidative treatments, the Al modified catalyst was no longer 55 

regenerable. , . , . , 

Clearly the coprecipitated Cu/2n/Cr-based DME catalyst of this invention exhibit remarl^able 
stability to regeneration. Steady high conversion has been observed at GHSV=2000 for 80 days^nd 
over 45 cycles. Even at GHSV=4000. the catalyst was oxidatively regenerable after 1 25 days and 5 
60 cycles. . 60 
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Run 



Temperature, 



Pressure, atm. 



Oj, moie% 



10 



a* 
b 

c 
d 

f 

g 
h 
i 
J 



316 
316 
316 
316 
293 
399 
454 
510 
316 
293 



100 

100 

100 

100 

1 

1 



0.1 
1 
4 
2 

100 

100 

100 

100 

100*** 

100 



10 



15 ^catalyst ages for 1 04 days to below 20% 

**for mns "a" to "e" (1 22 days). GHSV-4300 
♦♦♦followed by at 204*^0 

Hcanbe seen that regeneration tempe.^^^^^^^^^^ 
510-C resulted in decreased, and presumably Irrevereible. catalyst activity. 

20 V Effect of co-feeding water with hg"9«;;<;««^^^^^^^ day and some times prefen^d 

Hydrogen deficient syngas <"?/C°<"„*^*^i^™^^ by a selective conversion to 

more e^nomic gasiflers can be '"'^ f ^I",",^^^^^^^ water can be co-fed 

dimethyl ether (DME) with ^PPropnate synthes s wtalyst^^^ swthesls catalysts where by virtue of the 
albng with low ratio syngas for contact ^^l^.f with a like amount of 

25 vvater-gas-shift activity of componen s^^^^^^ „„„ ^ 3 h,/C0 effluent 

S^mnSe^^^eS'^^^^^^^^^^^^^ 

-"^'S^^nl/SStS^^^^ 

30 contains other gases, principally CO,. Because recycling this CO,-containing 

DME conversion, utilization of this ^9/=. the recycled gas. 

gas to the DME synthesis step .accompanied ''V "J^^f'^^^ upgraded H,/CO ratio syngas. 

Recovered unreacted syngas streams, c°'"P".'»'"9 fPP""^^^^^ is not equilibrium- 

can alternatively be passed to converaion ^V^f ^'^'jj Jecovered 

35 limited (as is the case of E) and w^^^^^^^^ ,„„,erting this CO.- 

unreacted syngas stream. A secondary reacuon SYS«m p ^fij^jng of Fe- Co- or Ru-type 

containing syngas comprises a RsjJher-Tropsch convere^^^^ utilization of the 

synthesis catalysts. Such a ^^^^^^"l^^^^^ Such a system is illustrated 

recovered DME recycle syngas with minimal or no iraersiaBo 2 

40 in Rgure 5, described above. _ aeauence is particulariy suited for subsequent 

The upgraded syngas effluent fron. the DME^^^^ and Engineering Chemistnf- 

utllization In a Rsrfier-Tropsch ';;°"^«f5%75^VT^^^^^ that benefit is obtained from 

Process Research and Development. 15 " '^^^^ ^^^^^ of CO;, at the F— T reactor entrance. 

Increasing both the H, /CO feed ratio <»i«/2i5na H /CO) del^^^^ carbon formation. Also 

45 Decreasing the ratio of (Pco /Ph*)' ('-e.. '"^■^tSSfdecreased as increases. Thus benefit is 
selectivity of the hydrocartjon products to "^^'^^^^^^l^^sX^^A here when the H,/CO ratio 

;;«:io^^^^^^^ 

50 ^°*'^r»,/CO,atiorecoveredh^^^^^^^^ 

operating without water co-feed may not be ''^""^ ^hift^^^ unit— but is more economically 
Upgrading can be accomplished in a sepa;«tj;^;*Y;a^^^^^^^^ ^« ^^^""^ 

aclTieved by co-feeding water with low '^''^^^^^^^^l.^^^U^sU catalysts will normally 
secondary process comprising a ^vnthesis using Fe Co or^H effluent from the DME synthesis 

55 require a 1 or higher H, /CO moie^ratio s^^^^^^^^^^^^ ^3, , ^e charged 

60 dimethyl ether synthesis reactor in amounts given by 
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r'-r 

<S<1 



l+r* 



where S is the mole ratio of H,0/CO and the stolchlometry parameter x" has an arbitrary value 
cons^inld byTe^^^^ of r<r':Sl . The mole ratio of H,/CO effluent from the reactor will increase as 

S IS '"creased.^ ^ expressed in terms of idealized behavior, as follows: 5 

1 ) the upper limit on S. S<1 , is established by the fact that, were complete shift of CO with H,0 
to and CO, to occur, in the case of S=1 . no CO would remain for subsequent ether synthesis. 

2) the syngas stolchlometry parameter, r*. has important significance. Dimethyl ether 
stoichTometry anticipates a molar feed ratio for /CO of r'=l .0. When the molar feed ratio, r. is <1 . 
water co-fed in the molar amount 10 



r'-r 1- 

S=- 



l+r* 2 

would yield an effective H, /CO ratio of 1 .0 If all co-fed H^O were to shift completely with available CO 
to form Hj and COj. . . 

31 the lower limit on f wherein r'<r expresses the requirement that the numerator of the left nana 



IS 



20 



25 



1 5 side of equation (4) be positive. ... . • 

The limits and concepts discussed above are, of course, idealized— with their actual values 
depending on the complex equilibrium and dynamic behavior of a reactor with such factors as catalyst 
bypass and backmixing further complicating a priori predictions. For a specific reactor configuration 
and synthesis operating parameters, extensive variables such as syngas conversion or Hj /CO ratio at 
20 the reactor exit can be correlated with the water co-feed parameter (S). With the aid of such 
con-elations the desired S value In the range specified by equation (4) can be determined. 
Such correlation Is illustrated by the following sequence of tests. 

Two further catalysts, XIV and XV. were prepared in two parts. First, a methanol component was 
prepared by co-precipltation of tiiree metal components from an aqueous stirred solution of their 
25 nitrates by the addition of excess hot (85— SCO sodium carbonate solution. The resulting precipitate 
was washed, dried and calcined at about 260*'C. ... j 

These methanol components were then ground to powders and each wf s coniijined with an 
equal part by weight of gamma-alumina powder (ground American Cyanamid SB #4e4J. 

Catalyst XIV had a methanol component prepared from equal amounts of copper, zinc and 

30 chromium. Catalyst XV had a methanol component prepared from equal atom amounts of copper, zinc, du 
and a'^n^^"^ ^^^^ ^^^^^^^ activated by contacting at 1 atm. and 204oC with a hydrogen/inert 
gas stream whose hydrogen composition was slowly increased to 2 volume percent and then to 8.5 
Solum^JTrcUand^henVtated at synthesis conditionsfor extended periods with i^^odic «cWative 

35 regeneration. These oxidative regenerations were canied out by purging the reactor with inert earner. 35 
passing overthe catalyst a pulse of oxygen of 1 00 liters STP/liter catalyst at atmospheric Pressure, a 
temperature of 288 to 343«C and a space velocity sufficiently slow to prevent thermaj damage of the 
catalyst: and then gradually displacing an inert purge stream at reaction conditions with syngas charge. 
Catalyst XIV was operated with dally regeneration under the following nominal conditions. 

40 31 6°C, 50—54 atm; GHSV (based on syngas)=1 000; Hj/CO mole feed ratio=2/3 and a* various 40 
levels of co-fed water. As Indicated in Figure 3, the water co-feed level was yaned throughout the 
period of the experiment. In Figure 4 the results of this experiment correlated with the am^^^ 
water co-fed per unit amount of CO fed. S. for two variables— the reactor exit H, /CO mole ratio (AJ and 
the total syngas conversion in tenns of H,+CO reacted (B)-and the observed values are compared 

45 with those projected for thermodynamic equilibrium convereions at appropnate 

Results such as those presented in Rgure 4 can be obtained for the particular dimethyl ether synthesis 

system of interest. ^.^ , o/ox„non 

Catalyst XV was contacted at 3 1 6°C with synthesis gas of Hj /CO mole ratlo=2/3 for an 
extended period at a water co-feed level of 0.25 mole H,0/CO and a pressure "^.^^^"^^^l^^^li;;^, ^. 
50 periodically oxidatlvely regenerated. Catalyst behavior 1 8 houre after regeneration and after 30 days of 50 
Contact is set out in Table 5. The effluent H, /CO mole ratio of 0.85 indicates ennchment of the feed 
ratio. Comparisons of the observed effluent H^/CO ratio and conversion for this nin on Catalyst XV 
Indicate a divergence from equilibrium similar to that con^elated for Catalyst XIV. 
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Table 5 

Dimethyl ether synthesis products 1 8 hours 

Feed .67 . 

Ha /CO ' 0.25 6 
6 HjO/CO 

Reaction Conditions 30.0 

DAYSOPR I 316 

TRXR^'C 54 

PATM 1200 .10 

<0 GHSV 0,98 

WHSV 0.95 



kg/l/hr 

Reactor Product Distribution, (wt.%) 



1.9 

Hj 31.3 15 

\S CO 45.5 

CO2 0.56 

H2O 19.3 

DME 1.3 

CH3OH 0.10 20 

20 CH4 0.04 

C + 

Conversions, (Mole%) 52.2 

Hj 62.3 

CO 58.3 25 



25 



Total 

Selectivites: 98 
D/{D+M) 

Space Time Yields: 0.1 9 5 

KG/U/HR 



40 



45 



composed of the compressed ppwdere of Fe,0, and V amnmj^a atmospheres; WHSV 

Se Reaction conditions were: H, /CO feed ratlo=^^^^^ ^ ^^^^,,3 ^^re obtained: 

(based on H,+CO to metal)=10.3; and ^^""J^'^^^^^afTmethane 21%: C,— 37%; and 0^+42% 
hV+CO converslon=89% hydrocarbon P^^^^^^f'^^^^^r^^ssvngas with a H,/C0 mole ratio 35 

"'""terLred.unreaotedWsefnuent^^^^^ 

described above can be adjusted to ^^f^^K^^^^^t^Jri^ which ?esults in an effluent /CO 40 
appropriate, amount of water. From F gure 4A. ^^^"^^ g,flc example of a two-stage 
mole ratio of 1 is projected to be 0.3 1 mole ^^ ^^^^^'^^^^^^ the Catalyst XIV is operated as 

Claims , 5_.-. dimethvl ether which comprises contacting 

55 293 to SAS^C. , ..^^ ^ •? wherein after regeneration, the catalyst is 

4. A process according to any one of claims 1 to 3. where^^J^^ ^ ^^ereln the temperature Is 

5. A process according to any one of claims 1 to 3. ^'f.^'^l^ratuJe of from 1 77 to 232°C and 60 
to those of the conditions of the conversion process. 
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6. A process according to any one of claims 1 to 5, wherein the Cr/{Cu+Zn) atomic ratio of the 
catalyst composition Is from 0.25 to 0.75 and the Cu/2n atomic ratio is from 0-5 to 3.0. 

7. A process according to any one of claims 1 to 6, wherein the acidic dehydrating component of 

the catalyst is gamma-alumina. ^ ^ x*u c 

5 8. A process according to claim 1. wherein the gamma-alumina comprises 50% by weight of the 5 

catalyst composition. . , ^ , * 

9. A process according to any one of claims 1 to 8 wherein the coprecipitated catalyst 

• components are prepared by carbonate-coprecipitation from a solution of the nitrates of the mptals, 
washing the precipitate to remove carbonate, and calcining the washed precipitate In air at a 
10 temperature of about 260^'C for a period exceeding about 6 hours. inc\ 

10. A process according to any one of claims 1 to 9, wherein the synthesis gas feed has a H2/CO 

molar ratio of from 0.5 to 3.0. , * ^ 1..,., « u inn 

1 1 . A process according to any one of claims 1 to 9, wherein the synthesis gas feed has a H^/CO 

molarratioof from 0.5to2.0. ^ * ^ u u if^f\ 

15 1 2. A process according to any one of claims 1 to 9, wherein the synthesis gas feed has a /UU 1 5 

molar ratio of from 0.5 to 1 . , i_ . 

1 3. A process according to claim 1 2, wherein water is fed to the catalyst with the synthesis gas, 
the amount of water being sufficient to supplement the hydrogen deficiency of the synthesis gas. 

1 4. A process according to claim 1 3, wherein the amount of water is from O to 50 moles per 1 00 
20 molesof CO In the synthesis gas. u /r-r* 

1 5. A process acconjing to any one of claims 1 2 to 1 4, wherein synthesis gas having a H2/CO 
mole ratio, r, less than 1 and water in an amount defined by the relationship 

r'-r 
:SS<1 



l+K 



in which S is the mole ratio H^O/CO and K Is an arbitrary value constrained by r<r'Sl, are converted 
25 into a product coniprising dimethyl ether and methanol. 25 

1 6. A process according to claim 1 5, wherein r' Is 1 .0. 

1 7. A process according to claim 1 5, wherein unreacted synthesis gas comprising COj is 
separated from the dimethyl ether and methanol. 

1 8. A process according to claims 1 5 to 1 7, wherein the unreacted synthesis gas has a higher 
30 H, /CO ratio than tlie synthesis gas feed. ^ ^^ tr^rs x 

1 9. A process according to claim 1 8. wherein the unreacted synthesis gas has a Hj/CO mole 

ratio of at least 0.85. ... i. u /r-i-i i 

20. A piK)cess according to claim 1 8, wherein the unreacted synthesis gas has a H2/CO mole 

ratio of at least 1.0. ^ 1. . • 

35 2 1 . A process according to any one of claims 1 7 to 20, wherein the unreacted synthesis gas is 35 

contacted with a Fischer-Tropsch catalyst and converted into a product mixture of carbon-hydrogen 

compounds. , , ^ r-^^^ 

22. A process according to claim 21, wherein the Fischer-Tropsch catalyst compnsos an Fe, Co or 

Ru component. .1-* 
40 23. A process acconding to claim 22, wherein the catalyst also comprises a zeolite. 40 

24. A process according to cla im 23, wherein the zeolite isZSM — 5. 
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